
CMOS IMAGE SENSOR OUTPUTTING SIGNAL DATA BEFORE RESET DATA AND METHOD
FOR DRIVING THE SAME

5 BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an image sensor, and more particularly, to an image sensor with

complementary metal oxide semiconductor (CMOS) pixel, and a method for driving the same

2. Description of the Related Art

10 An image sensor captures images by using an energy response characteristic of a

semiconductor material, to detect the energy (for example, light). The image sensor can be

classified generally as either a CMOS image sensor and a charge coupled device (CCD) image

sensor. The CMOS image sensor can be operated by a single power voltage source. So, the CMOS

image sensor has the advantages of lower power consumption and smaller size, as compared with

15 the CCD image sensor. Therefore, the CMOS image sensor is generally used.

FIG. 1 illustrates a conventional image sensor. The conventional CMOS image sensor has a

pixel sensor 101 and a double sampling circuit 103. According to the conventional image sensor,

when a reset signal RS goes to a logic HIGH, a reset transistor 101a is turned on and the voltage at

anodeN101 rises. Then, via a driving transistor 101c and a selecting transistor 101d, reset data,

20 having a voltage of nearly VDD, is transferred to a data input-output (I/O) line DIO And then, when

the reset signal RS goes to a logic LOW and a control signal TX goes to a logic HIGH, the reset

transistor 101a is turned off and a transfer transistor 101b is turned on. Via the driving transistor

101c and the selecting transistor 1 01d, signal data in a photo-diode 101e is transferred to the data

I/O line DIO. Then, the reset data and the signal data transferred to the data I/O line DIO are

25 sampled by a double sampling circuit 103 connected to the data I/O line DIO.

In the conventional image sensor, the signal data is sampled and outputted after the reset

data is sampled and outputted. Therefore, the signal data is mostly maintained in the data I/O line

DIO

According to the conventional CMOS image sensor, the double sampling circuit 103 includes

30 a sampling transistor 103a, an assistance capacitor 103b, a coupling capacitor 103c and a pre-

charging transistor 103d. The sampling transistor 103a cuts the sampled signal data off from the

data I/O line DIO, whereby an output signal VOUT having a stable voltage level can be generated via

an output terminal DQ The assistance capacitor 103b prevents a node N103 from floating. If the



assistance capacitor 103b is not implemented, the node N103 can be floated when the sampling

transistor 103a is turned off. A capacitance, of a virtual capacitor created by the assistance capacitor

103b and the coupling capacitor 103c, is nearly equivalent to that of an output capacitor 105a in an

output circuit 105. The pre-charging transistor 103d pre-charges a side terminal of the coupling

5 capacitor 103c with a reference voltage VR, which is lower than (VDD - Vth).

However, the conventional CMOS image sensor has a problem that a very large layout area

is required. That is, the conventional CMOS image sensor requires that the layout area be capable

of mounting the sampling transistor 103a, the assistance capacitor 103b, and a reference voltage

generating circuit (not shown) for generating the reference voltage VR.
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SUMMARY OF THE INVENTION

To solve the above problem, it is one object of the invention is to provide a CMOS image

sensor capable of reducing a layout area.

Another object of the invention is to provide a method for driving the CMOS image sensor.

15 Accordingly, to achieve the one object, there is provided a CMOS image sensor that outputs

signal data before reset data. The CMOS image sensor includes a pixel sensor, a data I/O line, a

double sampling circuit and an output circuit. The pixel sensor generates the signal data and the

reset data. The signal data has a voltage level depending on an amount of photo-charge produced

in response to externally received energy. The reset data is produced in a reset mode. The data I/O

20 line transfers the signal data and the reset data generated in the pixel sensor. The double sampling

circuit samples the signal data and the reset data transferred from the data I/O line and drives an

output terminal In this case, the double sampling circuit samples the signal data before the reset

data. The output circuit outputs data related to the voltage level of the output terminal.

To achieve the other object, a method for driving a CMOS image sensor is provided. The

25 CMOS image sensor has a plurality of pixel sensors arranged in rows and columns, generates reset

data produced during a reset mode, and generates signal data depending on an amount of photo-

charge produced in response to energy received from an external energy source. The method

includes the steps of (a) generating a read signal and activating a row-selecting signal for selecting

the row, (b) activating a data output signal, (c) outputting the signal data in response to the data

30 output signal, (d) driving the reset mode after the step (c), and (e) outputting the reset data.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further objects, features and advantages of the invention will become

more apparent from a consideration of the following description and the accompanying drawings, in

which the same numerals indicate the same or corresponding parts:

5 FIG. 1 illustrates a conventional CMOS image sensor;

FIG. 2 is a circuit diagram representing a CMOS image sensor according to a preferred

embodiment of the invention; and

FIG. 3 is a timing diagram for explaining the main signals and node voltages provided or

generated when the CMOS image sensor is driven according to the invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 2 is a circuit diagram representing a CMOS image sensor according to a preferred

embodiment of the invention. Referring to FIG. 2, the CMOS image sensor includes a pixel sensor

201
,
a data I/O line DIO, a double sampling circuit 203 and an output circuit 205.

15 The pixel sensor 201 includes a reset transistor 201a, a photo-diode 201 b, a driving

transistor 201c, a selecting transistor 201 d and a common junction node 201e. The photo-diode

201b produces photo-charge in response to externally supplied energy (for example, electromagnetic

energy such as light) and generates signal data depending on the amount of photo-charge produced.

The reset transistor 201a is gated in response to a reset signal RS and drives a voltage level of the

20 common junction node 201 e to a voltage level (VDD - Vta) Here, the VDD and the Vta represent an

external power voltage and a threshold voltage, respectively. A source and a drain of the reset

transistor 201a are connected to the external power voltage VDD and the common junction node

201 e, respectively Preferably, the reset transistor 201a is an N-channel metal oxide semiconductor

(NMOS) transistor

25 The driving transistor 201c is an NMOS transistor having a gate and a drain connected to the

common junction node 201 e and the external power voltage VDD, respectively So, a voltage level

of a source node 201f of the driving transistor 201c decreases that of the common junction node

201 e by a voltage Vtc. Here, Vtc is a threshold voltage of the driving transistor 201c.

The voltage level of the source node 20 1f is transferred to the data I/O line DIO by the

30 selecting transistor 201d. The selecting transistor 201d is gated in response to a row-selecting signal

RSEL. The row-selecting signal RSEL selects a row of a pixel array (not shown). That is, the signal

and the reset data of the pixel sensor 201 , which is arranged in the row selected due to the row-
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selecting signal RSEL, are transferred to the data I/O line DIO for every column Then, the signal

data of the pixel sensor 201 is transferred to the double sampling circuit 203 to be sampled

therefrom. In the preferred embodiment, the selecting transistor 20 1d is an NMOS transistor.

Thereafter, the reset data of the pixel sensor 201 is transferred to, and sampled by the double

5 sampling circuit 203 That is, according to the invention, the signal data is sampled before the reset

data.

The double sampling circuit 203 includes a first transistor 203a, a current source 203b, a

coupling capacitor 203c, a second transistor 203d and a third transistor 203e. When a read

command is generated, the first transistor 203a is turned on in response to a read command signal

10 READ. The data I/O line DIO is driven to a first reference voltage (for example, a ground voltage

VSS). With the read command, the CMOS image sensor is controlled to output a value related to the

signal data stored in the pixel sensor 201 . The coupling capacitor 203c is formed between the data

I/O line DIO and a storing node NSTO, to couple the storing node NSTO with the data I/O line DIO

In this embodiment, a terminal of the coupling capacitor 203c is directly connected to the data I/O line

15 DIO. Therefore, for the invention, it is not required to implement either of the sampling transistor

1 03a and the assistance capacitor 1 03b of the conventional CMOS image sensor

The second transistor 203d is gated in response to a first control signal PC1 , and drives the

storing node NSTO to a second reference voltage (for example, the ground voltage VSS). The first

control signal PC1 is generated in the form of a pulse, when the read command is inputted. The third

20 transistor 203e is gated in response to a column-selecting signal CSEL, and transfers the voltage of

the storing node NSTO to an output terminal DQ. An output signal VOUT is outputted via the output

terminal DQ. The column-selecting signal CSEL selects a column of the pixel array. That is, the

output signal and the reset data, which are stored in the column selected by the column-selecting

signal CSEL, are transferred to the output terminal DQ.

25 To the output terminal DQ, as many column-selecting transistors as columns of the pixel

sensor, are connected. Therefore, a capacitance produced due to the column-selecting transistor

203e connected to the output terminal DQ can be modeled by means of a storing capacitor 205b.

A fourth transistor 205a is gated in response to a second control signal PC2, and drives the

output terminal DQ to the ground voltage VSS. Before the column-selecting signal CSEL is

30 activated, the second control signal PC2 is activated to pre-charge the output terminal DQ.

When the column-selecting signal CSEL goes to logic HIGH, charge stored in the storing

node NSTO is distributed to the coupling capacitor 203c and the storing capacitor 205b in a ratio
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equal to the capacitance ratio of the coupling capacitor 203c to the storing capacitor 205b. Then, the

voltage at the storing node NSTO becomes a voltage of the output terminal DQ.

FIG. 3 is a timing diagram for explaining main signals and nodes involved in driving the

CMOS image sensor according to the invention.

Firstly, when the first control signal PC1 is at a logic HIGH at a time t1, the storing node

NSTO is pre-charged with the ground voltage VSS. The photo-diode 201b, which has been reset

prior to the time t1 , is in a state of accumulating photo-charge.

Thereafter, when the row-selecting signal RSEL and the read command signal READ are at

a logic HIGH at a time t2, a source follower circuit consisting of the first transistor 203a, a driving

transistor 201c and the selecting transistor 201d can be driven. Then, a voltage difference V1,

between a photo signal voltage level Vsig and a voltage level Vrst of the reset data, is supplied to the

data I/O line DIO. In this case, since the second transistor 203d is turned on, the storing node NSTO

is maintained at the ground voltage VSS. Therefore, the voltage difference V1 is stored between the

two sides of the coupling capacitor 203c.

When the first control signal PC1 is at a logic LOW at a time t3, the storing node NSTO is in

a floating state. Thereafter, when the reset signal RS goes to logic HIGH at a time t4, the data I/O

line DiO is driven to the reset data voltage Vrst. Then, a voltage level of the storing node NSTO is

driven up to the photo signal level Vsig (wherein, Vsig = Vrst - V1 = Vrst - Vrst + Vsig) by the

coupling capacitor 203c.

When the read command signal READ is at a logic LOW at a time t5, the current source

203b is cut off. In this state, data of all the columns related to a single row are stored in the storing

node NSTO. Then, data of the columns are serially read out.

In this case, the read process for the data of each column is described in detail as follows. If

the second control signal PC2 goes to logic HIGH at a time t6, the output terminal DQ is pre-charged

with the ground voltage VSS. Thereafter, the second control signal PC2 again goes to logic LOW.

Then, if the column-selecting signal CSEL for selecting a column, and the read command signal

READ, are generated in the form of a pulse at a time t7, the data stored in each column is read out.

According to the method for driving the CMOS image sensor, the reset data is outputted after

the signal data. So, the data I/O line DIO and the output terminal DQ are maintained with the voltage

level of the reset data Therefore, the CMOS image sensor and the method of driving the same

according to the invention have advantages as follows.

1) The sampling transistor 103a of the conventional art (FIG. 1) is not required.



2) The invention does not require the assistance capacitor 1 03b of the conventional art.

Further, the capacitance of the coupling capacitor 203c is decreased to about 1/4 that of the

conventional coupling capacitor 103c.

3) Since the reference voltage VR of the conventional art is not required, the invention does

5 not require a circuit for generating the reference voltage.

As described above, since the CMOS image sensor according to the invention outputs the

signal data before the reset data, the number of elements for maintaining the voltage level of the

signal data is decreased. Therefore, the invention can remarkably reduce the layout area, as

compared with the conventional CMOS image sensor.

0 While this invention has been particularly shown and described with reference to the

preferred embodiments thereof, it will be understood by those skilled in the art that various changes

and equivalents may be made without departing from the spirit and scope of the invention. For

example, in the above-mentioned embodiment, sources of the second transistor 203d and the fourth

transistor 205d are connected to the ground voltage VSS. But, according to another embodiment,

5 the sources of the second transistor 203d and the fourth transistor 205d can be connected to a

voltage line of a predetermined voltage (e g., 1/2 of the power voltage VDD) different from the ground

voltage VSS. Therefore, the scope of the invention should be determined with reference only to the

appended claims.
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